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ABSTRACT 20 
 21 
In past several decades, many countries have set quantified road safety targets to motivate 22 
transport authorities to develop systematic road safety strategies and measures and facilitate the 23 
achievement of continuous road safety improvement. Studies have been conducted to evaluate 24 
the association between the setting of quantified road safety targets and road fatality reduction, in 25 
both the short and long run, by comparing road fatalities before and after the implementation of a 26 
quantified road safety target. However, not much work has been done to evaluate whether the 27 
quantified road safety targets are actually achieved. In this study, we used a binary logistic 28 
regression model to examine the factors – including vehicle ownership, fatality rate, and national 29 
income, in addition to level of ambition and duration of target – that contribute to a target’s 30 
success. We analyzed 55 quantified road safety targets set by 29 countries from 1981 to 2009, 31 
and the results indicate that targets that are in progress and with lower level of ambitions had a 32 
 2 
 
higher likelihood of eventually being achieved. Moreover, possible interaction effects on the 1 
association between level of ambition and the likelihood of success are also revealed. 2 
 3 
Keywords: Road safety target; Road fatality; Binary logistic regression; Level of Ambition; 4 
Interaction Effect 5 
 6 
1. INTRODUCTION 7 
 8 
There has been a global reduction in road fatalities over the past three decades due to the 9 
adoption of various road safety programs and policies, especially in European Union (EU) 10 
Member States. Organizations such as the World Health Organization (WHO), the Organization 11 
for Economic Co-operation and Development (OECD), the European Transport Safety Council 12 
(ETSC), and International Transport Research Documentation (ITRD) are committed to 13 
establishing systematic road safety management systems, setting quantified road safety targets, 14 
and motivating timely action plans to achieve continuous and considerable road fatality 15 
reductions (Elvik, 1993; OECD Scientific Expert Group, 1994, 2008; Wegman et al., 2008; 16 
ETSC, 2011). 17 
 18 
Quantitative road safety targets for fatality reductions must be ambitious and yet achievable 19 
(ETSC, 2003). Studies have been conducted to estimate the degree to which a target has been 20 
realized by comparing the road fatalities before and after the deployment of the respective target 21 
using a treatment-comparison group approach (Elvik, 2001; Allsop et al., 2011). Compared with 22 
countries lacking targets, target deployment was found to correlate with significant road fatality 23 
reductions, both in the short and long run. More importantly, a favorable effect on the time-series 24 
trend of road fatalities was observed during the period the target was in effect (Wong et al., 2006; 25 
Wong and Sze, 2010). 26 
 27 
Although the sustainable favorable effects on fatality reduction have been realized, it is essential 28 
to determine appropriate targets that can lead to successful safety improvements. Based on 29 
information about current and future road safety performance forecasts, implementation plans for 30 
different road safety policies and measures, and the predicted effects of individual road safety 31 
actions, it is possible to estimate the likelihood of achieving a road safety target. Therefore, 32 
realistic quantified road safety targets can be set by referring to the existence of legislative and 33 
 3 
 
engineering interventions and the implementation of such interventions, controlling for the time-1 
series trend of road safety level (Kweon, 2010). In addition, inputs from safety experts on the 2 
likelihood of and reasons for target achievement are essential. Attempts have been made to set 3 
appropriate targets for individual EU Member States to achieve optimal road fatality reduction 4 
throughout the EU as a whole. For instance, appropriate quantified road safety targets were set 5 
based on historical road safety trends, predicted future potentials, the capability to implement 6 
road safety measures, the achievement of preceding targets, interest and focus, and the economic 7 
status of individual EU Member States (Wittenberg et al., 2013). 8 
 9 
Stimulating effective road safety management systems with policy documents, action plans, and 10 
guidelines is essential to the success of road safety targets. Attempts have been made to 11 
categorize individual EU Member States based on various road safety performance indicators 12 
with respect to different exposure measures, including population, vehicle fleet, and vehicle 13 
kilometric. In particular, the effectiveness of the road safety management systems of individual 14 
Member States has been benchmarked against better performing Member States in terms of 15 
policy making, action planning, and setting road safety targets in respective categories (Shen et 16 
al., 2012). Various safety performance indicators related to road infrastructure, vehicle 17 
technology, and road user behavior can be generated and a composite safety performance 18 
indicator adopted as a management tool for setting appropriate road safety targets in the 19 
development of appropriate road safety strategies and countermeasures (Tingvall et al., 2010). A 20 
better understanding of optimal target setting and its relationship with existing road safety 21 
management systems as it pertains to the predicted effect of time-series trends in road safety is 22 
expected to noticeably enhance road fatality reduction and sustained safety performance. 23 
 24 
Nevertheless, it is desirable to evaluate the level of achievement in countries setting quantified 25 
road safety targets by comparing the targeted and actual reductions in road fatalities. In this study, 26 
we evaluate the performance of 55 quantified road safety targets set by 29 countries using a 27 
cluster analysis to categorize the targets into groups with similar characteristics, such as fatality 28 
rate, vehicle ownership, national income, time of target setting, and level of ambition. A binary 29 
logit regression is applied to assess the success of the targets and the relationships between the 30 
likelihood of achievement and possible factors including fatality rate, vehicle ownership, level of 31 
ambition, target duration, and whether a target is completed or not. Comparing the targeted and 32 
 4 
 
revealed reductions in fatalities in countries with quantified road safety targets should provide 1 
insights that could be valuable to decision makers in setting appropriate targets. 2 
 3 
The remainder of the paper is structured as follows. The data on quantified road safety targets 4 
and road fatalities used in this study are described in Section 2. Section 3 details the application 5 
of the cluster analysis in categorizing the identified quantified road safety targets. The results of 6 
the binary logistic regression of the likelihood of target achievement and possible influencing 7 
factors are presented in Section 4. Section 5 discusses the implications of our results and 8 
provides recommendations for planning road safety strategies and programs. We conclude the 9 
study with suggestions for future research in Section 6. 10 
 11 
 12 
2. DATA 13 
 14 
The focus of this study is the achievement of road fatality reductions in target years through 15 
quantified road safety targets. The details of established quantified road safety targets are the 16 
fundamentals of this study. Information on 55 targets in 29 selected countries, including the base 17 
year, target period, and target road fatality reduction, for the period 1981-2009 are obtained from 18 
key publications issued by the Institute of Transport Economics in Norway and the OECD 19 
Scientific Expert Group (Elvik, 2001; OECD Scientific Expert Group, 2012, 2014), in addition 20 
to the national study reports and technical papers listed in the References. The details of the 21 
quantified road safety targets under investigation are presented in Table 1. The fatality data for 22 
the 1981-2012 period are extracted from the International Road Federation (IRF) World Road 23 
Statistics (International Road Federation, 2013).  24 
 25 
[Insert Table 1 here] 26 
 27 
As shown in Table 1, of the 55 targets, 7 were established in the 1980s, 21 were established in 28 
the 1990s, and almost one half (27, 49%) were established in the 2000s. Summary statistics of 29 
the 55 targets under investigation are presented in Table 2.  30 
 31 
[Insert Table 2 here] 32 
 33 
 5 
 
As shown in Table 2, the target period ranges from 2 to 17 years, with an average of 9 years. In 1 
2012, 46 (84%) targets were completed and 9 (16%) were in progress respectively. Variation in 2 
the levels of ambition is substantial. The targeted percentage fatality reduction ranges from 0% 3 
to 56%, with an average of 34%, compared with the number of road fatalities in the base year. 4 
Given the information on the target period and targeted fatality reduction, the targeted annual 5 
reduction rate (ARR) can be deduced by, 6 
ARR = 1- T1/n     (Equation 1) 7 
 8 
where T is the targeted percentage fatality reduction and n is the target period. ARR is a proxy for 9 
the target’s level of ambition. As also shown in Table 2, the mean annual average reduction rate 10 
is 5%. 11 
 12 
As the fatality data up to 2012 are adopted, the number of fatalities in the corresponding target 13 
year can be used to assess target completion. For targets in progress, the number of fatalities in 14 
2012 is used to benchmark the achievement of the corresponding targets. To ensure that the 15 
effect estimates are not double counted, for two or more targets that are set by the same country 16 
in the same year and with target years being after 2012, we would select the one that have the 17 
earliest target year. Besides, as it takes time for any road safety initiatives to be in effect upon the 18 
target setting, targets that are established at a later time after 2009 are not selected. 19 
 20 
For the selected targets, information on possible influencing factors, including fatality rate, 21 
vehicle ownership, national income, year of implementation, target period, target completion, 22 
and targeted fatality reduction rate, is extracted. Road fatality per 100,000 inhabitants has been a 23 
common road safety risk indicator in public health sector. Information on population is readily 24 
available in most countries, as compared to other exposure measures like vehicle kilometric. 25 
Fatality rate using population as denominator is particular useful to compare the fatality risks in 26 
countries with similar levels of motorization. In 2012, road fatalities per 100,000 inhabitants 27 
have been the lowest in five European countries including Great Britain, Denmark, Iceland, 28 
Norway, and Sweden (OECD, 2014). Number of vehicle registered per 1000 inhabitants has 29 
been a possible indicator for comparing the level of mobility and road infrastructure 30 
development across countries, when information on road asset (in terms of total length of 31 
highway link) and amount of travel (in terms of vehicle-kilometres) is not always readily 32 
available in all countries. GDP per capita is a good indicator for comparing the level of economic 33 
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development across different countries. Besides, economic cost of road crash to a country is 1 
often presented in terms of proportion of national income. A road safety target could be 2 
established before the end of preceding target in one country. It could be because the earlier 3 
target was not reached despite of the considerable fatality reduction. This might be attributed to 4 
the changes in unforeseen economic growth, increase in vehicle number, and changes in traffic 5 
volume and traffic pattern. A review of road safety development and change in strategic 6 
priorities could be implemented when a new road safety target was to be established before the 7 
end of a preceding target. 8 
 9 
3. CLUSTERS OF QUANTIFIED ROAD SAFETY TARGETS 10 
 11 
Before we measure the associations between target achievement and possible influencing factors, 12 
we conduct a cluster analysis to categorize groups of targets with similar characteristics (Depaire 13 
et al., 2008; Wong and Chung, 2008; Anderson, 2009). Cluster analysis is an exploratory data 14 
analysis technique that identifies interesting patterns of similarity among individuals in a dataset 15 
to stimulate further analyses based on an understanding of meaningful patterns of similarity and 16 
dissimilarity across individuals.  17 
 18 
We apply the agglomerative hierarchical classification approach using the Wald method to 19 
establish clusters of quantified road safety targets. In particular, the degree of similarity between 20 
individuals is determined by the Euclidean distance. To this end, the possible factors are fatality 21 
rate (per 100,000 inhabitants), vehicle ownership (per 1,000 inhabitants), national income (GDP 22 
per capita), target duration, targeted annual reduction rate, and base year of target setting. The 23 
cluster analysis is performed on R3.0 (R Core Team, 2013). Figure 1 illustrates the dendrogram 24 
for the merging progress of individual targets, and the final results of the cluster analysis. 25 
 26 
[Insert Figure 1 here] 27 
 28 
The dendrogram obtained from the cluster analysis identifies three clusters of quantified road 29 
safety targets: (i) targets set up by countries that have low national income (mean = 22,000 USD 30 
per capita) and high fatality rate (mean = 10.1 per 100,000 inhabitants) (number of targets = 11, 31 
percentage of total = 20.0%); (ii) high national income (45,000 USD per capita) and low-32 
 7 
 
medium fatality rate (4.6 per 100,000 inhabitants) (19, 34.5%); and (iii) medium national income 1 
(35,000 USD per capita) and low-medium fatality rate (4.9 per 100,000 inhabitants) (25, 45.5%). 2 
 3 
To assess the independence of the clusters, F tests are conducted to describe the differences 4 
across clusters. The results of the F-tests indicate that the differences in the values of the 5 
variables of interest, that is, national income (F = 122.5) and fatality rate (16.7), across clusters 6 
are both significant at the 1% level. 7 
 8 
4. FACTORS INFLUENCING TARGET SUCCESS 9 
 10 
We aim to evaluate the extent to which setting quantified road safety targets achieves the 11 
expected fatality reductions, and to identify the possible factors that contribute to such success. A 12 
target is regarded as being achieved if the observed number of road fatalities in the target year 13 
(or year 2012) is lower than that of the expected number of road fatalities for the completed 14 
target (or the target in progress). The dichotomous nature of the dependent variable (achievement 15 
of target) facilitates the application of binary logistic regression. The associations between target 16 
success and possible influencing factors are estimated using the maximum likelihood approach, 17 
in which the influence of possible factors on the likelihood of success is reflected in the 18 
respective odds ratios, and level of significance of their influences on the likelihood of success is 19 
reflected in the respective p-level respectively (Hosmer and Lemeshow, 2000). To evaluate the 20 
goodness-of-fit of the regression model, Akaike Information Criterion (AIC) of the fitted model 21 
is deduced by, 22 
AIC = -2LL + 2k     (Equation 2) 23 
 24 
where LL is the log-likelihood value and k is the number of parameters in the fitted model. When 25 
comparing prediction performance of models fitted using maximum likelihood approach, the 26 
smaller the value of AIC, the better the model fit. Moreover, to identify possible collinearity 27 
among variables in the model fitted, Variance Inflation Factor (VIF) is estimated by, 28 
VIF = 1 / (1 – Rj2)      (Equation 3) 29 
 30 
where Rj2 is the coefficient of determination for a regression of variable j on all the other 31 
variables. A VIF of 10 and above indicates a multicollinearity problem. Variable with high value 32 
of VIF (greater than 10) will therefore be removed. 33 
 8 
 
 1 
The possible influencing factors in the proposed prediction model are level of ambition 2 
(measured by annual reduction rate, ARR), duration of target, vehicle ownership, national 3 
income, fatality rate, and completion of target. As revealed in the cluster analysis, the national 4 
income and fatality rate are deterministic to the patterns of the targets set, a cluster’s effect as 5 
established in the preceding cluster analysis will be incorporated to proxy the effects of 6 
economic status and prevailing road safety risk on the success of road safety target. Therefore, 7 
factors including national income and fatality rate will not be included in subsequent analyses. 8 
 9 
[Insert Table 3 here] 10 
 11 
A non-parametric test for independence between potential factors and likelihood of success is 12 
conducted, followed by regression analysis of the association measure of likelihood of success. 13 
As shown in Table 3, vehicle ownership of 650 per 1,000 inhabitant, target duration of 10 years 14 
and annual average reduction rate of 4.5% are set as the cut-offs for vehicle ownership, target 15 
duration, and target’s level of ambition respectively. Based on the results of non-parametric test, 16 
the vehicle ownership, target’s level of ambition, and completion of target are selected as 17 
candidate factors at the 15% level of significance. Because the target duration is of primary 18 
interest in this study and long-term targets have a higher likelihood of success (Wong and Sze, 19 
2010), target duration is incorporated into subsequent analyses, regardless of its statistical 20 
significance in the preliminary analysis. 21 
 22 
The results of the consolidated logistic regression analysis of the association measure of target 23 
achievement are presented in Table 4. To evaluate the effects of economic status and prevailing 24 
road safety risk, a cluster effect is also incorporated into the proposed logistic regression models. 25 
 26 
[Insert Table 4 here] 27 
 28 
Table 4 presents the results of the analysis of the association measure between road safety target 29 
success and possible influencing factors. For instances, factors including vehicle ownership, 30 
target duration, and target’s level of ambition are set either as continuous (Model A) or 31 
categorical (Model B). As Table 4 reveals, prediction performance of Model B (AIC of 71.8) is 32 
superior to that of Model A (75.4). Besides, values of VIF of the variables included in both 33 
 9 
 
models are all below 2. No evidence could be established for the existence of collinearity among 1 
the variables. 2 
 3 
As Model B of Table 4 shows, targets with annual reduction rate higher than or equal to 4.5% 4 
(Odds ratio = 0.11, 95% CIs = [0.03, 0.46]) have a lower likelihood of success, at the 1% level of 5 
significance. Besides, completed targets (Odds ratio = 0.15, 95% CIs = [0.02, 1.13]) have a 6 
marginally lower likelihood of success, at the 10% level of significance. As also shown in Table 7 
4, members of Cluster 1 (targets set by countries of low national income and high fatality rate) 8 
and Cluster 3 (medium national income and low-medium fatality rate) might have higher 9 
likelihood of success, as compared to that of Cluster 2 (high national income and low-medium 10 
fatality rate), but no statistical evidence could be established. 11 
 12 
To investigate the possible intervention effect by cluster on the association, the interaction 13 
effects between cluster and annual reduction rate and between cluster and target duration are also 14 
determined, as revealed in Table 5. 15 
 16 
[Insert Table 5 here] 17 
 18 
Factors including vehicle ownership, target duration, and target’s level of ambition are to set be 19 
categorical. As Table 5 reveals, prediction performance of interaction model (AIC of 76.0) is not 20 
superior to that of prior model (Model B of Table 4). Yet, values of VIF of the variables included 21 
in the model are all below 4. No evidence could be established for the existence of collinearity 22 
among the variables. 23 
 24 
As Table 5 shows, no evidence could be established for the existence of interaction effects 25 
between cluster and target duration and between cluster and target’s level of ambition on the 26 
likelihood of success. As also shown in Table 5, targets with annual reduction rate higher than or 27 
equal to 4.5% (Odds ratio = 0.09, 95% CIs = [0.01, 1.24]) and completed targets (Odds ratio = 28 
0.13, 95% CIs = [0.01, 1.16]) have marginally lower likelihood of success, both at the 10% level 29 
of significance.  30 
 31 
5. DISCUSSION 32 
 33 
 10 
 
Preceding studies have revealed a strong association between the setting of quantified road safety 1 
targets and enhanced road safety performance, as indicated by remarkable fatality reductions in 2 
the short-medium term and favorable trends in road safety performance (stronger fatality 3 
reduction or weaker fatality growth) in the long term after the setting of targets in OECD 4 
countries from the 1970s to the 1990s (Wong et al., 2006; Wong and Sze, 2010). We revisit the 5 
issue to diagnose the success of target achievement. In particular, we use a logistic regression 6 
approach to identify the factors that may contribute to such success, including level of ambition, 7 
target duration, vehicle ownership, economic status and prevailing road safety risk. The results 8 
indicate that target’s level of ambition is associated with target achievement. 9 
 10 
5.1 Target Clusters 11 
 12 
Cluster analysis is applied to understand the variations in the patterns of road safety target 13 
established, and the possible influences on the pattern by the factors including vehicle use, 14 
prevailing road safety risk, and economic development. As the results of the cluster analysis 15 
indicate, targets set can be stratified into three groups: (i) those that were established by the 16 
countries with low national income and high fatality rate (Cluster 1); (ii) high national income 17 
and low-medium fatality rate (Cluster 2); and (iii) medium national income and low-medium 18 
fatality rate (Cluster 3). The results of the logistic regression suggest that no evidence could be 19 
established for noticeable association between cluster and likelihood of success, and interactions 20 
by cluster on the association between level of ambition, target duration, and likelihood of success.  21 
 22 
Seemingly, targets set by members of Cluster 2 (high national income and low-medium fatality 23 
rate) might have a lower likelihood of success than their counterparts. Some studies suggested 24 
that economic development should be deterministic to road safety performance because of the 25 
presence of a comprehensive road safety system management system, road infrastructure 26 
condition, level of motorization, road user behavior and education, and more importantly, the. 27 
technical and financial support devoted to the improvement of road infrastructures (ETSC, 2003; 28 
World Health Organization, 2004, Wegman et al., 2008, Bliss and Breen, 2009). Indeed, in the 29 
past decade, remarkable road fatality reductions were revealed in various countries across 30 
different clusters [Cluster 1: Portugal; Cluster 2: Ireland and Sweden; Cluster 3: Denmark, 31 
France, Iceland and Spain] regardless of the level of economic development and prevailing road 32 
safety risk. Also, countries in different clusters [Cluster 2: Norway and Sweden; Cluster 3: 33 
 11 
 
Denmark, Great Britain and Iceland] could have the same level of capability to maintain high 1 
level of road safety management, and achieve sustainable safety gains (OECD, 2014). Therefore, 2 
it should not be surprising that no evidence could be established for noticeable variation in the 3 
likelihood of success across clusters that were categorized by prevailing road safety risk and 4 
economic development. Hence, no obvious association between cluster, target duration, target’s 5 
level of ambition, and target achievement could be revealed. 6 
 7 
Indeed, collection and analysis of best road safety management practices in terms of policy 8 
developments, road safety strategies, and effective intervention have been the keys in monitoring 9 
the progress of road safety target. Some of the best practices are local traffic management 10 
scheme, automated enforcement, fatigue management programme, truck and bus warrant of 11 
fitness check, speed management, seat belt and helmet legislation, and alcohol ignition interlocks 12 
(Wegman et al., 2008; OECD, 2014). They are however not included in current quantitative 13 
analysis for the association between likelihood of target success and possible factors. 14 
Nevertheless, it would be worth investigating the effects of possible attributes in the planning of 15 
road safety policy and implementation of road safety action plan on the likelihood of target 16 
achievement in future qualitative research. 17 
 18 
5.2 Level of Ambition 19 
 20 
Our results indicate that an increase in the level of ambition is associated with a lower likelihood 21 
of target success. This is consistent with the findings of previous studies that although overly 22 
ambitious road safety targets, such as ‘Vision Zero’, may stimulate commitment from decision 23 
makers, they often prove to be spiritual substitutes that do not necessarily outperform their less 24 
ambitious counterparts. This addresses the importance of setting motivating yet rational action 25 
guidance and achievable targets (Rosencrantz et al., 2007; ETSC, 2011). Results of treatment-26 
comparison group before-after studies indicated that 3.5% road fatality reduction per year, on 27 
average, could be revealed short-term after the target setting (Wong et al., 2006; Allsop et al., 28 
2010). Therefore, targeted reduction rate at or above 4.5% could have been too ambitious.  29 
 30 
One might argue that it is somewhat obvious that more ambitious the target, more difficult to 31 
realize. Indeed, quantified road safety targets have been set out based on different initiatives of 32 
respective countries including Vision Zero [Czech Republic, Denmark, Finland, Norway, Poland 33 
 12 
 
and Sweden], safe management system approach and sustainable safety [Australia, Austria, 1 
Canada, Netherlands, New Zealand and Spain], and EU Road Safety Target and UN Road Safety 2 
Plan for the Decade of Action of Road Safety [Argentina, Belgium and Malaysia] (OECD, 2014). 3 
It is worth exploring the significance of the factors including type of road safety initiatives, 4 
existence of continuous monitoring the progress of target achievement, setting up of high-level 5 
outcome indicators, and implementation of specific target-driven safety program to the 6 
likelihood of success (Kweon, 2010). 7 
 8 
To determine the appropriate target’s level of ambition, probabilities of success with respect to 9 
different level of ambition of targets were estimated based on the coefficient estimates illustrated 10 
in Model A of Table 4. Average values of vehicle ownership, target duration, and proportion of 11 
completed target for each cluster were adopted. Values of target’s level of ambition vary from 12 
0% to 10%. Figure 2 illustrates the estimated likelihoods of success and actual achievement, with 13 
respect to different level of ambition, in different clusters. 14 
 15 
[Insert Figure 2 here] 16 
 17 
As illustrated in Figure 2, the likelihood of actual success (hollow circle) is seemingly higher, 18 
when the targeted fatality reduction rate is below 5%. The estimated likelihood of success shows 19 
decreasing trend when the targeted annual reduction rate increases for all clusters. As Figure 2 20 
shows, members of Cluster 1 (targets set by countries with low national income and high fatality 21 
rate) with targeted annual reduction rates below 6.4%, members of Cluster 3 (targets set by 22 
countries of medium national income and low-medium fatality rate) with targeted annual 23 
reduction rates below 4.2%, and members of Cluster 2 (targets set by countries of high national 24 
income and low-medium fatality rate) with targeted annual reduction rates below 3.4% 25 
respectively, may have 50% or higher likelihood of target success. Seemingly, it is appropriate 26 
for the countries with high level of economic development and low-medium fatality rate (Cluster 27 
2) to set less ambitious targets than their counterparts. 28 
 29 
5.3 Target Duration 30 
 31 
We establish no significant association in this study between likelihood of success and duration 32 
of target. Yet, to determine the appropriate target duration, the probabilities of success with 33 
 13 
 
respect to different target duration were estimated based on the coefficient estimates illustrated in 1 
Model A of Table 4. Average values of vehicle ownership, annual reduction rate, and proportion 2 
of completed target for each cluster were adopted. Values of target duration vary from 3 to 18 3 
years. Figure 3 illustrates the estimated likelihoods of success and actual achievement, with 4 
respect to different target duration, in different clusters. 5 
 6 
[Insert Figure 3 here] 7 
 8 
As illustrated in Figure 3, no obvious trend could be observed between the likelihood of actual 9 
success (hollow circle) and target duration. The likelihood of success is a trend that increases 10 
with target duration for all clusters. This finding is in line with the observation that a stronger 11 
trend in fatality reduction is achieved over a longer time, and the likelihood of success of such 12 
targets in the long run may be higher (Partyka, 1984). 13 
 14 
As Figure 3 shows, members of Cluster 1 (targets set by countries of low national income and 15 
high fatality rate) have a consistently high likelihood of success (over 75%) regardless of the 16 
target duration. On the other hand, members of Cluster 3 (targets set by countries of medium 17 
national income and low-medium fatality rate) with target duration longer than 16 years, and 18 
members of Cluster 2 (targets set by countries of high national income and low-medium fatality 19 
rate) with target duration longer than 11 years respectively, may have 50% or higher likelihood 20 
of target success. Seemingly, it is appropriate for the countries with moderate level of economic 21 
development and reasonably good prevailing safety performance (Cluster 3) to set longer term 22 
target. 23 
 24 
Nevertheless, it is essential that periodic progress reviews be conducted and interim milestones 25 
related to the original target be set to achieve sustainable road safety goals (ETSC, 2003). For 26 
instance, experiences accumulated during the process should generate the input and effort 27 
required to ensure that the initial positive effect of target setting does not diminish (Wong and 28 
Sze, 2010). In addition, to ensure that the road safety strategies are successfully implemented, a 29 
wide range of action plans need to be introduced in different phases or entire duration of the 30 
target. For instances, various indicators including road crash, road fatality, traffic violation, and 31 
safety cost could be the base for the continuous monitoring of road safety development (OECD, 32 
2014). Indeed, it might be essential to evaluate the intervention effects of the road safety policies 33 
 14 
 
that occur during the target period, rather than the characteristics of target itself, e.g. level of 1 
ambition and duration, on the likelihood of success in future research. This could provide very 2 
useful recommendations of future road safety action plans, based on the better understanding on 3 
the relationship between target setting and revealed safety performance, and the reasons that 4 
make the target setting work. 5 
 6 
6. CONCLUSION 7 
 8 
In this study, we diagnose 55 quantified road safety targets set in the period 1981 to 2009. The 9 
results of a cluster analysis indicate that the national income and fatality rate influence the 10 
patterns of targets. A binary logistic regression is applied to evaluate the likelihood of success of 11 
road safety targets and the factors that influence that success. The results indicate that targets 12 
with lower level of ambition have a higher likelihood of success than those of the counterparts. 13 
This reinforces the finding of previous studies that setting rational and yet achievable quantified 14 
road safety targets is essential. The level of ambition should vary with the level of economic 15 
development and fatality rate. Yet, no evidence could be established for the relationship between 16 
national income, fatality rate, target duration and likelihood of success. This suggests that the 17 
emphasis on road safety management strategies and programs should differ across countries, 18 
regardless of the economic performance and road safety risk. It would be worth investigating 19 
cost-effective strategies and measures that could help improve the likelihood of success with an 20 
eye to achieving sustainable road safety improvements in future qualitative research. 21 
 22 
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TABLES AND FIGURES 1 
 2 
Table 1. Details of Targets under Investigation 3 
Country Base Year Target Year Target* Country Base Year Target Year Target* 
Argentina 2009 2014 50% Israel 2005 2010 24% 
Australia 1992 2001 2%^ Italy 2001 2010 50% 
Australia 1997 2005 10% Japan 2000 2010 14%^ 
Australia 2001 2010 40% Korea 2007 2012 50% 
Austria 1998-2000 2004 25% Lithuania 2004 2010 50%^ 
Austria 1998-2000 2010 50% Malaysia 2005 2010 27% 
Belgium 2001 2006 28% Netherlands 1985 2000 25% 
Belgium 2007 2010 30% Netherlands 1998 2010 30%^ 
Canada 1996-2001 2008-2010 30% Netherlands 2008 2020 33%^ 
Czech Republic 2002 2010 50%^ New Zealand 1990 1994 11%^ 
Denmark 1986-1988 2000 40% New Zealand 1990 2001 42% 
Denmark 1998 2012 40%^ New Zealand 1999 2010 42% 
Denmark 2006 2012 35%^ Norway 1984-1986 1993 0%^ 
Finland 1986 1994 40% Norway 2004 2015 30%^ 
Finland 1988 2000 50% Norway 2009 2020 33%^ 
Finland 2000 2010 37% Poland 1991 2001 24%^ 
France 1997 2002 50% Poland 1997-1999 2010 43%^ 
France 2007 2012 35% Poland 2003 2013 50% 
Great Britain 1981-1985 2000 33%^ Portugal 1998-2000 2009 50%^ 
Great Britain 1994-1998 2010 40%^ Portugal 2009 2011 1% 
Great Britain 2005-2009 2020 37%^ Spain 1992 1999 30% 
Greece 2000 2005 20% Spain 2003 2008 40%^ 
Greece 2000 2015 40%^ Sweden 1989 2000 56% 
Hungary 2001 2010 30%^ Sweden 1996 2007 50% 
Iceland 1991-1996 2000 11% Sweden 2007 2020 50%^ 
Iceland 1999-2003 2016 50%^ Switzerland 2000 2010 50% 
Ireland 1997 2002 20%^ United States 1996 2008 20% 
Ireland 2007 2012 20%^     
* Percentage reduction in road fatalities in the target year compared to the base year 4 
^ Target that is regarded as being achieved 5 
6 
 20 
 
Table 2. Summary Statistics of Target under Investigation 1 
Factor  Mean/ 
Proportion 
Standard 
Deviation 
Minimum Maximum 
Fatality Rate (per 100,000 inhabitant) 5.84 3.48 2.8 23.6 
Vehicle Ownership (per 1000 inhabitant) 639.63 108.21 344 846 
GDP per capita (,000 USD) 36.04 9.47 17.2 55.9 
Target Duration (year) 9.05 3.57 2 17 
Annual Average Reduction Rate 0.05 0.03 0 0.13 
Completed Target 0.84 0.37 0 1 
2 
 21 
 
Table 3. Preliminary Analysis for Possible Factors Influencing Target Success 1 
Factor  Total Success (%) Fail (%) χ2 (p-level) 
Vehicle Ownership    2.18 (0.14)^ 
 <650 per 1000 inhabitant 27 15 (55.6%) 12 (44.4%)  
 >=650 per 1000 inhabitant 28 10 (35.7%) 18 (64.3%)  
Target Duration    0.88 (0.35) 
 Less than 10 years 28 11 (39.3%) 17 (60.7%)  
 Greater than/equal to 10 years 27 14 (51.9%) 13 (48.1%)  
Level of ambition    11.55 (<0.01)** 
 ARR < 4.5% 28 19 (67.9%) 9 (32.1%)  
 ARR >= 4.5% 27 6 (22.2%) 21 (77.8%)  
Target Type    4.53 (0.03)* 
 In-Progress 9 7 (77.8%) 2 (22.2%)  
 Completed 46 18 (39.1%) 28 (60.9%)  
^ At the 15% level of significance. 2 
* At the 5% level of significance. 3 
** At the 1% level of significance. 4 
5 
 22 
 
Table 4. Consolidated Analysis of Possible Factors Influencing Target Success 1 
Factor  Model A Model B 
Coeff. (S.E.) z-Value (p-level) Coeff. (S.E.) z-Value (p-level) 
Constant 5.15 (2.83) 1.82 (0.07)^ 2.91 (1.37) 2.13 (0.03)* 
Cluster 1 0.64 (0.91)  0.70 (0.49) 0.19 (0.92) 0.21 (0.84) 
Cluster 2 (Control) 
Cluster 3 0.39 (0.74)  0.52 (0.60) 0.38 (0.78) 0.49 (0.63) 
Vehicle Ownership (Note) -0.005 (0.003) -1.76 (0.08)^ - 
Vehicle Ownership <650 (Note) - (Control) 
Vehicle Ownership >=650 (Note) - -0.92 (0.69)  -1.33 (0.18) 
Target Duration 0.07 (0.10)  0.65 (0.52) - 
Target Duration < 10 years - (Control) 
Target Duration >= 10 years - -0.56 (0.75)  -0.75 (0.46) 
Level of ambition (ARR) -26.84 (13.31) -2.02 (0.04)* - 
ARR < 4.5% - (Control) 
ARR >= 4.5% - -2.19 (0.72) -3.06 (0.002)** 
In-Progress (Control) 
Completed -1.74 (1.00) -1.75 (0.08)^ -1.89 (1.03) -1.84 (0.07)^ 
Model Performance     
Number of observations 55  55  
AIC 75.404  71.804  
Note: per 1000 inhabitants 2 
^ At the 10% level of significance. 3 
* At the 5% level of significance. 4 
** At the 1% level of significance. 5 
6 
 23 
 
Table 5. Analysis of Interaction Effects on the Likelihood of Target Success 1 
Factor Coeff. (S.E.) z-Value (p-level) 
Constant 3.73 (1.66) 2.24 (0.03)* 
Cluster   
 Cluster 1 -1.60 (1.52) -1.05 (0.29) 
 Cluster 2 (Control) 
 Cluster 3 0.22 (1.52) 0.15 (0.88) 
Vehicle Ownership   
 Vehicle Ownership <650 (Note) (Control) 
 Vehicle Ownership >=650 (Note) -1.00 (0.75) -1.34 (0.18) 
Target Duration - 
 Target Duration < 10 years (Control) 
 Target Duration >= 10 years -1.57 (1.30)  -1.21 (0.23) 
Level of Ambition (ARR) - 
 ARR < 4.5% (Control) 
 ARR >= 4.5% -2.41 (1.34) -1.80 (0.07)^ 
Target Type  
 In-Progress (Control) 
 Completed -2.03 (1.11) -1.82 (0.07)^ 
Interaction Effect   
 Cluster 1 x Duration >= 10 years 3.27 (2.07) 1.59 (0.11) 
 Cluster 3 x Duration >= 10 years 0.33 (1.81) 0.18 (0.86) 
 Cluster 1 x ARR >= 4.5% 0.48 (2.11)  0.23 (0.82) 
 Cluster 3 x ARR >= 4.5% -0.24 (1.87)   -0.13 (0.90) 
Model Performance 
  
 Number of observations 55  
 AIC 76.329  
Note: per 1000 inhabitants 2 
^ At the 10% level of significance. 3 
* At the 5% level of significance. 4 
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Figure 1. Dendrogram of the Cluster Analysis of Quantified Road Safety Targets 1 
 2 
Notes:  3 
Death – Road fatality per 100,000 inhabitant; Veh – car per 100,000 inhabitant; GDP – 000 4 
USD per capita 5 
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Figure 2. Relationships between a Target’s Likelihood of Success and Level of Ambition 1 
 2 
 3 
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Figure 3. Relationships between a Target’s Likelihood of Success and Target Duration 1 
 2 
 3 
